Abstract
INTRODUCTION
Increasingly, organizations seek to optimize their processes as a way to increase their competitiveness in the market and improve their results. In this context, it is important to find new ways to improve efficiency within organizations. Dematerialization of business processes (DBP) emerges as one of the solutions by offering new approaches to production, organization, circulation and retrieval data and information through Information and Communication Technologies (ICT). This type of technological solution promotes clear, structured and transparent processes, especially when problems are associated with paper-based documents. Projects of DBP are based on the principle of rationalization and optimization of information circuits through workflow management technologies. Additionally, the information is stored and communicated in a digital format to simplify its exchange and future monitoring. The increase in productivity, which often results from the implementation of DBP, comes from the decrease in the amount of time to perform the tasks, the effectiveness of human resources attached to those tasks, the quick access to information, and also from the improvement in communication flow between different services associated with the dematerialized process.
The implementation of this type of projects requires the identification of data circuits, information flows and needs, types of documentation and the responsibilities associated to each task, in order to readjust the information flow, simplify and rationalize procedures. Experiences reports and methodological approaches to implement DBP are themes not yet explored in the literature. However, this concept is already popular in some domains, especially associated to the modernization of public administration. Few organizations benefit from the modernization of their services taking advantage of this type of solution autonomously and without contracting outsourcing services. Each company adopts its own methodology, due to the lack of a common framework. The main purpose of this paper is to present a methodology and some guidelines for the implementation of projects of DBP in order to support public and private organizations in the process of administrative modernization of their services using open-source technologies. The information presented was based on the literature review, focusing on topics such as "workflow management systems", "electronic documents management" and "information systems development". In order to validate the stages of the methodology, 
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people involved in projects of DBP in two different public entities were interviewed. These interviews were complemented with visits to those organizations. Finally, the implementation of a pilot experience in a public entity, using an open source technology, allowed the validation of some operational activities of the proposed methodology. The article is structured in four sections. Section 2 presents the concepts related with DBP, their advantages, disadvantages and critical success factors for the implementation of such projects. Section 3 presents the proposed methodology, the different stages that constitute it and some supporting tools. Section 4 describes the application of the proposed methodology in a pilot experience in a public institution, using open-source software (Bonita Open Solution). In the final section the main conclusions of the developed work are presented.
ABOUT DEMATERIALIZATION OF BUSINESS PROCESSES
In this section, an overview of the literature will be provided. As this is an unexplored theme, first, the concept of DBP will be clarified based on the recent work developed in related domains as the workflow management systems and processes reengineering and some 'pros and cons' will be presented. After that, in section 2 will be identified some aspects that can contribute for the successful implementation of such projects, denominated in the literature as critical success factors.
Advantages and disadvantages of dematerialization of business processes
Dematerialization of business processes refers to the optimization of information circuits through technological applications, where the information is stored and communicated in digital format in order to expedite and facilitate the monitoring of processes, always ensuring the electronic documents legal value. Closely related to this topic arise concepts as Workflow Management Systems and Business Process Reengineering. Workflow Management Systems are defined as generic software packages that support the management of business processes, taking into account its information logistics. This type of system ensures that the right information is given to the right person, at the right time [1] . On the other hand, experts in the field of reengineering defined this concept as the rethinking and redesign of business processes, in order to achieve significant improvements in key performance indicators as, for example, costs, quality, service and speed [2] . Although a dematerialization project involve processes reengineering, when successfully carried out can potentiate several advantages. Among those advocated by researchers that work in this field, can be highlighted the fact that DBP enables the conclusion of tasks more efficiently [3] , the elimination of redundancies and unnecessary tasks [4, 5] , the standardization of procedures [5, 6] and access to data from any geographic location [5, 6, 7, 8] . This allows savings in time and costs [3, 4, 5, 6, 7, 8, 9] , as well as improving the quality of processes and their outcomes [3, 5, 6, 7] . Some researchers argue that this type of projects could help to improve communication between collaborators [5, 7, 8, 10] . However, as are usual in technology-based projects, there are some 'cons' (disadvantages). In a first instance, a dematerialization project involves a slow and gradual implementation process [7, 11] and an substantial initial investment [7] , that may be seen by organizations as obstacles to its adoption. The existence of a break in performance and workers instability due to greater control by the managers [4, 5, 6, 12] also appear as consequences of the dematerialization project and a barrier to its acceptance. In Figure 1 are presented some more advantages and disadvantages (cons) identified in literature related to such projects. In the next section are presented some critical success factors identified in the literature that could be important take into account during the implementation of projects of DBP. 
Critical Success Factors
Any element that can present itself as a facilitator in the implementation of a project is defined in the literature as a Critical Success Factor (CSF). In order to identify these factors in projects of DBP, some work conducted in the field were analyzed. The success of such projects within an organization may depend on several factors, which in general are 123 IJIEM categorized into organizational and technological factors. Organizational factors are those related to the organization and its employees. The success of the project can be conditioned by the type of culture and the learning capacity of the organization. It is important to promote a culture of change, for a faster adaptation to new variables that can be introduced in work routines [6, 12, 13, 14, 15] . Another factor pointed by several authors is the need for strong leadership or someone who has the power to influence the decision maker. It is crucial that the decision to implement dematerialization projects is taken by administrative managers, once in that case the employees will be more open to collaboration [6, 12, 13, 14, 15, 16, 17, 18] . However, some additional mechanisms may be used to involve all stakeholders as reward systems and empowerment [13, 14, 15] . A good practice is the establishment of a multidisciplinary project team, including employees from different departments for promoting the integration of different perspectives [14, 16, 18] . In addition, training of employees is another key factor for a successful transition to a dematerialized environment [13, 14, 15, 16, 18] . In many organizations there is a strong resistance to change. It is crucial to explain to the employees the importance of the change in their working practices and the added value of the development of new skills. They should also be aware of a possible decrease in productivity immediately after the implementation of the system, while some adjustments are made to adapt the new processes to the organization [12] . One of the secrets to achieve a fully dematerialized environment is the adoption and use of the implemented technology by all stakeholders, in order to cover all the value chain [11] . Many organizations that make a significant investment in online applications still receiving many documents in paper format because their stakeholders do not follow the project. The organization must communicate them (suppliers, customers) its new capabilities, their benefits to the value chain in which they are included and provide the necessary support and training [18] . Another relevant aspect is the alignment between the strategy that is followed by the organization and the one that is associated with the project of DBP [12, 13, 14, 15, 16] . However, it is not always possible to respond to individual requirements instead of the correct operation of the system as a whole. In addition to the CSF related to the organizational environment there are some aspects related to the project itself. First, there are the fitness of the methodology [13, 14, 15] , techniques and tools applied during the implementation [13, 14] . It is also important to ensure that the selected team has the knowledge to make the best choices. Sometimes, it can be very beneficial to seek consulting services to access specialized know-how and integrate in the team people that already have expertise in such projects [14, 18] . Before starting the project, benchmarking can be used as a way to become aware of what really is DBP, their key benefits, learn from the success achieved and mistakes that were committed by other organizations. Higher previous knowledge about the subject, higher is the probability that it will be successfully implemented. A budget to the project execution should be defined, based on the analysis of available resources and expected costs [14, 15, 16, 18] . Finally, it is essential the establishment of goals and performance indicators to evaluate the results and the success of the project [13, 14, 18] . On the other hand, there are the technological factors. The right choice of software and hardware is one of those which can contribute to a successful implementation [14, 16, 17, 18] . However, it should also be noted the need to assure that the acquired technology is used effectively by the stakeholders [12, 13, 14, 15, 17, 18] and that there is a concern with a good integration with existing systems [14, 16, 18] . Figure 2 shows the key CSF identified in the categories of organizational and technological factors. In the next section, will be presented a methodological approach to DBP, describing their main stages and some supporting tools that can be used in each of them.
A METHODOLOGICAL PROPOSAL TO DEMATERIALIZATION OF BUSINESS PROCESSES
The development of a project of DBP follows a set of stages similar to a project of information system development since it implies the adaptation of one technology to a specific context. The development of information systems includes several steps that can be classified as requirements analysis, processes modelling, implementation and deployment [19] . In a case of project of DBP it is possible to identify four important main stages: preliminary studies and requirements elicitation, modelling, construction and transition. For each one of them were identified some supporting tools, presented at Figure 3 . In the next four subsections will be defined in more detail the different stages that constitute the proposed methodology and suggested some tools that can support the work at each stage. 
Preliminary studies and requirements elicitation
The preliminary study stage and requirements elicitation puts the emphasis on aspects related to the business model and requirements elicitation. Whatever the type of project, is always important to understand the organization's dynamics in which it will take place. This knowledge will help to identify current problems and domains where the redesign and processes reengineering is a priority in order to optimize outputs. It is also at this stage that we evaluate the motivation of top management to these issues, the availability of resources such hardware and software (physical resources), know-how (intellectual resources), openness to collaboration (human resources), budget (financial resources), and the identification of key stakeholders for requirements gathering. There are some techniques that can be used for requirement elicitation, such as interviews, questionnaires, direct observation or some more recent techniques as prototypes, scenarios and brainstorming sessions [20] . Once collected the main requirements of stakeholders (eventually some more will be recognized during the project), these should be carefully analysed and validated taking into account the analyst understanding of business processes. That is the modelling phase.
Modelling
The modelling phase puts the emphasis on the analysis and modelling of processes. The analysis and validation of requirements is essential because each stakeholder looks to processes in a different way, so it is possible that there are incompatibilities between requirements indicated by different people. Therefore, it is important to have good judgment, trying as far as possible to meet the expectations of users, always keeping in mind the project goals. When completed the analysis and validation of requirements, it is time to define the processes to automate. Sometimes due to the inefficiency of current procedures it is necessary a deepest change that implies a processes reengineering, as mentioned above. The description of simple processes can be made textually. However, when they assume greater complexity is more difficult their understanding and more likely make some mistakes. In this case, this description should be followed by a diagram to facilitate their interpretation, both by analysts and end users [21] . There are some tools used on processes modelling, such as the activity diagram of UML (Unified Modelling Language), an object-oriented notation [22] , the Petri nets, which have a simple and intuitive notation with the possibility of converting models into execution language [1] , and the Business Process Modelling Notation (BPMN), which takes the lead in business processes and workflow modelling, a standard adopted by the Object Management Group (OMG) [21, 23] . At this stage, we already have a representation of the processes to dematerialize, validated by stakeholders. The next step is their automation, using a technology that allows the workflow and documents management.
Construction
At this point, the most important activities are the choice of the technology and its parameterization. Here, the organization has many possibilities. If is a large organization that as a department fully dedicated to the development of information technology (IT), possibly it will make use of its resources and decide for the internal development of the application that will support DBP. Smaller companies that do not have the same resources generally choose other solutions, as the outsourcing of all or part of the technology development or the recruitment of external consultants who provide the necessary support to the company's employees. However, currently in the software market are available a wide range of technologies that can be adapted to different contexts and allow the decrease in the necessary budget and other resources. In the selection of an existent application, the choice may fall on proprietary or open-source software. Lately they have been great advances in the field of open-source, becoming an alternative increasingly sought, due the low cost associated and its satisfactory quality [24] . Table 1 shows the results of a study performed on some existing market solutions in order to determine an attractive alternative to the implementation of such projects, where different solutions are evaluated according to some criteria identified as relevant. It is noted, however, that this comparative study was only based on information accessible via the official website of the respective providers. From the analysis of Table 1 , we conclude that some of these solutions give higher importance to features targeted for workflow management, while others highlight more features related to the document management. In general, and as expected, proprietary software provides a more complete set of features. However, given the advantages of open-source software, the range of features they offer should not be neglected, including the Activiti and Bonita Open Solution. Thus, they can be an alternative recommended for smaller organizations or for those wishing to make a first approach to DBP, testing its use in a restricted set of processes. Design workflows with BPMN 
Transition
To complete the cycle, there is a transition phase, when the system is ready to be used by the end user and is introduced into the real work context. During the adaptation should be provided all the necessary assistance to the users until they are able to take full advantage of the new tool and not recognize the existence of obstacles to perform their work. It could also be useful to provide some training sessions to end users. This point is decisive to determine if the project was completed successfully or not. All the work done previously is useless if at this stage there is not a good acceptance by the end user. Some performance indicators should be established to assess with accuracy the results obtained with the project and determine if it was successfully implemented. The methodology presented in this chapter was applied in practice through a pilot experience in a public entity, described next.
A PILOT EXPERIENCE OF DEMATERIALIZATION OF BUSINESS PROCESSES IN A PUBLIC INSTITUTION
The proposed methodology was tested in practice through a pilot experience that took place in a public institution. The main purpose of this experience was to make the selected processes more efficient and less dependent on the circulation of paper, clarifying the responsibilities of each intervenient in each task, testing at the same time the potential use of open-source technologies in this context. Before starting the pilot we tried to identify some CSF in two institutions of public administration that had already implemented or being implementing DBP projects. These two organizations were selected because they have experienced different practices in the implementation of dematerialization projects. The benchmarking study was based on interviews, complemented with a visit to the local. One of the studied entities began its project of DBP in 2008, and did not complete the project until the day of the interview (3 years after the beginning). The existence of some difficulties in the project that have contributed to its failure was evident. On the other hand, the other entity studied is a case of reference, recognized by many of its partners and peers as a successful example of a DBP project. Differences between these two institutions were identified that may have contributed to the project failure or success and eight CSF were recognized: The study of these two realities was the starting point to the implementation of the pilot experience. This experience took place in a division of a public higher education institution. Most of the documentation in this division is stored in paper format and the information circulated by email between the different actors. Sometimes, this information did not follow the route that would be expected or there were delays in the performing of tasks. The need to clearly define processes and the role of each actor were the reasons identified for the implementation of a DBP project.
In a first instance (Preliminary studies and requirements gathering), was considered appropriate evaluate some documentation and talk with employees in order to identify priority processes for implementation, their respective tasks, information and communication flows. At this stage, some techniques, like direct observation, document analysis and unstructured interviews, were applied. Based on the collected data, models were defined using the BPMN (Modelling). This notation was easily understood by users that were involved in the validation of models, thus confirming it as a right choice. The cycle of 'validation -redesign' of the models had several iterations and was concluded when the consensus between all parts was achieved. Figure 5 presents an example of one process modelled using BPMN. Next, it was time to automate processes using software for document and workflow management (Construction). Here was essential the choice of technology as advocated in the literature. The decision was based on the results of the analysis already performed and presented at Table 1 . For this pilot experience, was determined that would be used an open-source software in order to assess the potential of open-source technologies for DBP projects. This requirement limited the choice to Bonita Open Solution, Process Maker and Alfresco. In the first two cases, the software was installed and in the third one the evaluation was done through the analysis of the trial version, available in the website for download. After analysing the main interfaces of each alternative, it was decided to choose the Bonita Open Solution (BOS 5.6) for application to the practical case for being the one who seemed to be the most user-friendly and that had a more intuitive and appealing interface. After that, Bonita Open Solution was parameterized according to the requirements collected previously. One of the processes dematerialized was the work related to the "jury appointment for defense of the MSc dissertation", Figure 6 . Before the introduction of the prototype in the workplace, a demonstration of the system was made. This is another mechanism that can be used to validate the requirements defined in previous phases and to identify possible improvements to be included in the system before the transition phase.
CONCLUSION
Dematerialization of business processes represents a solution to problems related to the existence of documentation in paper format, common to most of organizations. It enables improvements in performance through workflow management. The success of a DBP project strongly depends on the initiative of top management, the culture of the organization and the efforts made to encourage the participation of employees.
On the other hand, from the technological point of view, it is important the choice of technology, the promotion of its use in an efficient way and ensure its integration with existing systems. It is also important to the success of the project the definition of a methodology and the use of appropriate supporting tools. The methodology to be adopted in the implementation of these projects is similar to that used in the development of information systems, as well as the tools that can support the implementation process. Each one of the phases that constitute the proposed methodology was defined and was described a pilot experience of DBP in a public institution. Its main purpose was make the selected processes more efficient and less dependent on the circulation of paper, clarifying the responsibilities of each intervenient in each task, testing at the same time the potential of use open-source technologies in this context. Regarding the technological offer for implementing dematerialization projects it is concluded that, although the most complete solutions are proprietary ones, open source technologies now occupy a prominent position, offering low-cost solutions with a set of features that respond to the needs of most organizations that seek new approaches to production, organization, distribution and retrieval of information based on the redefinition of processes and information flows. On the other hand, the benchmarking was considered a useful tool to understand the critical success factors of a DBP project once it promotes learning and identification of best practices through the study of other experiences or projects from similar contexts. This work was based on an exploratory study, which focuses only on public entities. Further research is needed in order to better understand why this type of projects is less popular in private sector organizations. Moreover, it is also important to find a more consistent methodology and some indicators that would allow organizations to measure the success of their projects. 
